The relationship between metabolic syndrome and stroke has not been investigated as widely as that for coronary heart disease. The aim of the study is to make an overall review of the published articles on metabolic syndrome and the stroke incidence. Eight population-based prospective studies are included and a meta-analysis based on the published data was performed. The combined overall hazard ratio for stroke incidence was similar (around 1.7) for different definitions of the metabolic syndrome. A European study which has compared four different definitions using paired homogeneity test did not find any difference in the prediction of the ischemic stroke incidence and there was also no differences between a full definition and its single individual components.
INTRODUCTION
Since 1998 many different definitions for the metabolic syndrome have been introduced. The World Health Organization (WHO) was the first to introduce a provisional definition for the metabolic syndrome in 1998 [1] and this was revised in the 1999 [2] . The WHO includes in its definition the insulin resistance under hyperinsulinemic and euglycemic conditions, and microalbuminuria [2] . The European Group for Study of Insulin Resistance (EGIR) introduced a simple definition based on the WHO one in 1999, in which the insulin resistance was defined using the top quartile distribution of fasting insulin concentration among the nondiabetic individuals of the background population and waist circumference was used to replace the body mass index (BMI) and waist to hip ratio (WHR) [3] . In 2001, the National Cholesterol Education Program Adult Treatment Expert Panel III (NCEP_2001) approved a new definition based on five components and any three abnormalities of the five forms a definition [4, 5] . Insulin resistance was not included in the NCEP definition. The NCEP_2001 definition was further modified in 2004 (NCEP_2004) [6] , in which the fasting plasma glucose (FPG) cut-off value was lowered from 6.1 mmol/l to 5.6 mmol/l. The American Association of Clinical Endocrinologists (AACE) made a clinical definition in 2003 [7, 8] . The latest major definition came from the International Diabetes Federation (IDF). The IDF consensus group approved their definition in 2005 to emphasize the importance of central obesity [9, 10] . The major components of these definitions are more or less similar but with different emphasis ( Table 1) .
The prevalence of the metabolic syndrome varies depending on the definitions used even in the same study population [11, 12] . A great surge of publications has been created to compare the differences of these definitions with *Address correspondence to this author at the Department of Public Health, University of Helsinki PL41, Mannerheimintie 172, 00014 Helsinki, Finland; Tel: +358 504151578; Fax: +358 9 19127313; E-mails: qing.qiao@ktl.fi; qing.qiao@helsinki.fi regard to their prevalence and their prediction of cardiovascular disease (CVD) and diabetes. Based on the published data, several meta-analyses were carried out and published. These data have unequivocally shown that the metabolic syndrome of different definitions all increased the risk of CVD [12] [13] [14] [15] and diabetes [16, 17] , but the prediction was stronger for diabetes than for CVD. A few studies have, however, challenged the definition of the metabolic syndrome by showing that the individual metabolic component predicted the CVD by a similar magnitude as that of the full definition of the syndrome [18] [19] [20] , and fasting glucose alone was a stronger risk predictor for the future diabetes than was the full definition of the metabolic syndrome. In this article relationship between metabolic syndrome of different definitions and the incidence of stroke was quantitatively reviewed.
DATA SOURCES AND LIMITATIONS
Publications in English language from 1975 onwards on metabolic syndrome and stroke were searched from PubMed using title terms "metabolic syndrome" and "stroke". Prospective studies with population-based cohort design that have estimated the hazard ratio of the metabolic syndrome for predicting stroke were eligible for the current review, and summarized in Table 2 . Eight studies were included which consisted of limited ethnic groups: American white&black in two studies (one in middle-aged and another in elderly population) [21, 22] , Finnish in two (one in middle-aged men and another in elderly men and women) [23, 24] , Japanese in two (middle-aged) [25, 26] , and Chinese in one study (middleaged) [27] . A meta-analysis based on individual data of Finnish and Swedish populations was also included [28] . Multivariate adjusted hazard ratios were reported in the Table 2 if more than two hazard ratios have been presented in one article. As shown in the Table 2 the adjustment varies among studies. Three of the eight studies have estimated the ischemic stroke, four with all stroke and one did not mention the type of the stroke. Different definitions of the metabolic syndrome have been applied and indicated in the Table 2 .
DATA ANALYSIS
Multivariate adjusted hazard ratios (95% CI) for stroke attributed to metabolic syndrome of different definitions was collected from each study, and combined into an overall hazard ratio by a fixed-effects approach according to the method detailed by Fleiss [29] , the combined overall hazard ratio as well as individual hazard ratios are shown in Fig. (1a-c) .
RESULTS
The hazard ratios corresponding to different definitions varied slightly among studies and even within a study, but the overall hazard ratios calculated based on the metaanalysis of all studies were, however, similar around 1.7 ( Fig. 1a-c) for all definitions studied.
In the meta-analysis of 6 Finnish and Swedish cohorts of 4038 men and 3813 women of 25-74 years old, the risk size of different definitions as well as their individual components has been compared using paired homogeneity test [28] . During follow-up of 4 to 12 years, 113 incident ischemic stroke events in men and 47 in women were accumulated. The hazard ratio for each of the full definitions of the metabolic syndrome was presented in the Table 2 , they were not statistically significantly different from each other [28] . The hazard ratios for ischemic stroke in men were 2.09 (1.39-3.14) and 1.86 (1.17-2.98) for FPG of 6.1-6.9 mmol/l and for elevated blood pressure of 140/90 mmHg or treated, and 3.21 (1.61-6.39) and 2.61 (1.24-5.50) in women, respectively. When a full definition of the metabolic syndrome was compared with its single components the study did not find that a full definition was superior to its single components with regard to the prediction of the ischemic stroke. None of the four definitions of the metabolic syndrome or its single components predicted hemorrhagic stroke except for the elevated blood pressure, hazard ratios of 2.78 (1.21-6.39) in men and 8.30 (2.11-32.63) in women for blood pressure of 140/90 mmHg or treated [28] . The study concluded that metabolic syndrome as well as its individual components predicted the incidence ischemic stroke equally well and should be treated equally as well.
CONCLUSIONS
Regardless of the differences in definitions of the metabolic syndrome, the risk sizes for stroke are similar (hazard ratio of 1.7) among different definitions, which was lower than those reported for the incidence of type 2 diabetes (hazard ratios of 3.5 to 5.1) [16] . This is because the components included in these definitions are more or less similar, and the component that appears most frequently among all others is the elevated blood pressure. Elevated blood pressure is alone a strong risk factor for either ischemic or hemorrhagic stroke, and the risk size is similar to those of its full definitions [28] . A cluster of elevated blood pressure with others seems do not further increase the risk of stroke. It has been shown that type 2 diabetes clustering with hypertension was more strongly associated with the concurrence of cardiovascular events than other clusters of the metabolic syndrome among type 2 diabetic patients [30] .
There are many different ways to diagnose a metabolic syndrome. This creates different traits of individuals identified as having the syndrome, some with high CVD risk but others low risk [30] . Because the inter-individual heterogeneity, the syndrome can not be considered as a single disease entity. Currently there is no a single treatment targeting at the syndrome rather than at each of its single components. From a clinical as well as a public health point of view, to increase the awareness of the clustering of certain metabolic disorders among doctors and public may help to identify people with multiple risk factors and lead to a poly pills treatment to prevent further progress to more serious clinical end points. The causes underlying the clustering and its pathophysiological changes require further researches. The relationship of metabolic syndrome with subtypes of stroke rather than ischemic stroke may need further clarification. 
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